Abstract-The Long-Range Autonomous Underwater Vehicle (LR-AUV), developed by the Shenyang Institute of Automation, CAS, is an instrument platform designed to glide to depths of 2000 meters for the observation of environmental parameters of deep sea environment. In order to ensure that the platform can keep neutral buoyancy under different depth and the security of surface communication, we design a set of buoyancy adjusting system. The buoyancy adjusting device consists of a hydraulic buoyancyregulation system and a pneumatic buoyancy-compensation system. Through the test, the buoyancy adjusting system can reliable applied to the Long-Range2000 AUV system.
INTRODUCTION
Traditional Autonomous Underwater Vehicle (AUV) has become more and more mature, some traditional AUV have already taken the step of productization. At present, the world famous commercial AUV research and development manufacturer mainly has Hydriod [1] , OceanServer [2] , Hafmynd [3] and so on. The Long-Range Autonomous Underwater Vehicle (LR-AUV) is a new type of observation AUV which is designed for wide Marine environment observation. Compared with the traditional detection AUV, the major advantage of LR-AUV is the breakthrough of the endurance. The LR-AUV focuses on water observation and is suitable for continuous observation of small and medium-sized Marine environment. Compared with underwater gliders, which are also used in water observation, the LR-AUV has the characteristics of fast speed and high mobility, which is suitable for the observation of the more powerful Marine dynamic process. The typical LR-AUV is the Tethys designed by Monterey Bay Aquarium Research Institute(MBARI) [4] and the Autosub LR designed by University Of Southampton [5] .
As we move more economic activity into the oceans, and concern grows about anthropogenic impact there is an urgent need for lower cost methods of delivering the data [6] . Slow speed long endurance Autonomous Underwater Vehicles (AUVs) can provide part of the solution. For example, underwater gliders are now routinely used for oceanographic surveys as they provide excellent data through the upper water column (typically 0-1000m). However, current gliders are slow, limited in depth rating, must follow a yo-yo profile through the water-column, and have limit space and power for additional sensor. Although these limitations are being worked on with propeller driven hybrid gliders [7] , and deep gliders [8] being built, this class of vehicle is still only one piece of the data collection jigsaw. LR-AUV has been applied in a variety of contexts, including hydrocarbon detection [9] [10] and thermocline tracking with the Tethys AUV [11] .
In this paper we first describe the operation process of the Long-Range2000 Autonomous Underwater Vehicle (LR-AUV) and provide the vehicle characteristics. Then we present the design of the buoyancy-adjusting system. Finally we present the development of the experiments device for buoyancy adjusting system and the test results show the buoyancy adjusting system can reliable applied to the LR-AUV system.
II. VEHICLE CHARACTERISTICS
The LR-AUV adopts modular design idea, which reduces the complexity of the whole system design and enhances the scalability of the system. The LR-AUV can be divided into five sections: fore sensor cabin, buoyancy-regulation cabin, attitude-regulating cabin, buoyancy-compensation cabin and aft cabin. Fore sensor cabin is mainly installed to avoid touching sonar, ADCP, and can expand the installation of various sensors; Buoyancy-regulation cabin is mainly equipped with buoyancy-regulation system and fixed battery pack; Attitude-regulating cabin is equipped with control unit and attitude-adjustment device; Buoyancy-compensation cabin is equipped with buoyancy-compensation device, antenna assembly, CTD sensor, and emergency device and aft cabin is equipped with steering gear and propeller propulsion unit. A cutaway view of the LR-AUV (Fig. 1) reveals the internal components.
The buoyancy-regulation system adjust the buoyancy by changing the displacement volume of the carrier, which can ensure the platform keep neutral buoyancy under different depth. So the platform can maintain zero attack angle sailing and reduce energy consumption. Attitude-adjustment device by moving the relative position of the battery pack to ensure the LR-AUV to maintain a horizontal attitude sailing. Buoyancycompensation device realizes the buoyancy compensation function by absorbing air, which is mainly used to ensure that the communication antenna can communicate securely when the density of sea water mutates. The antenna assembly providing necessary conditions for real-time monitoring and control of LR-AUV. The emergency device plays a guarantee LR-AUV in the event of a major fault or other unknown disturbance events, launched the emergency response, makes the platform can surface. 
III. BUOYANCY-ADJUSTING SYSTEM DESIGN
The buoyancy-adjusting system of the LR-AUV is a very important subsystem. In order to balance the high efficiency of buoyancy and the safety of surface communication, the buoyancy-adjusting system consists of a hydraulic buoyancyregulation system and a pneumatic buoyancy-compensation system. With the combined action of this two system, the platform can keep neutral buoyancy under different depth and can communicate safely on the surface of the sea.
A. Hydraulic Buoyancy-regulation System Design The hydraulic buoyancy-regulation system adopts the method of changing the displacement volume to balance the buoyancy of the vehicle. Fig.2 shows the principle schematics of the buoyancy-regulating system of the LR-AUV. The system used the DC motor driven hydraulic pump pumping hydraulic oil from internal bladder to external bladder, and check valve ensure the hydraulic oil will not return.
According to the ideal oil equation, the change of oil volume can be calculated with a linear potentiometer. The buoyancyregulation device bleed hydraulic oil from external bladder to internal bladder rely on pressure differential. The diaphragm liquid pump is used to pumping hydraulic oil from external bladder to internal bladder on the surface of the sea. and P Δ can be computed as:
B. Pneumatic Buoyancy-compensation System Design The pneumatic buoyancy-compensation system adopts the method of changing the displacement volume to ensure the safety of surface communication of the LR-AUV. Fig.3 shows the principle schematics of the pneumatic buoyancycompensation system of the LR-AUV. The system used the diaphragm air pump pumping air from capsule to external air bladder. According to the ideal air equation, the change of air volume can be calculated with an air pressure sensor. The pneumatic buoyancy-compensation device bleed air from external air bladder to capsule rely on pressure differential. 
IV. BUOYANCY-ADJUSTING SYSTEM EXPERIMENT

A. Buoyancy-regulation System Experiment
The hydraulic buoyancy-regulation system is mainly used to balance the high efficiency of buoyancy, so the platform can keep neutral buoyancy under different depth. We designed the experiment device to experiment for the pumping hydraulic oil underwater and passive hydraulic oil return underwater.
We carried out a series of experiment for determining the relevant energy consumption coefficients needed to be premeasured. The efficiency of the buoyancy-regulating system is measured by simulating its actual operation conditions in different operating depth in a lab-based experiment. Fig. 4 shows the experiment bed used to carry out experiments for measuring the efficiency of the buoyancy-regulating device. Fig.4 Experiment device used for texting the efficiency of the buoyancy-regulating system In the experimental system, the voltage source is the input of energy, and the pressure and displacement of the oil are the effective output of energy, so it can be measured by experiment that the buoyancy-regulating system effective in different pressures. The relationship between efficiency and operating depth of the buoyancy-regulating system can be computed with the following function:
Where is the power, is the pressure, V is the displacement. Fig.5 shows the experimental results of the efficiency operating in different depth. The experimental results show that the efficiency of the system increases with the increase of pressure, and the maximum efficiency can reach 53%. We carried out the experiment device to experiment the working condition for the passive hydraulic oil return underwater. The experimental device simulates the external environment pressure through a hydraulic station, and the hydraulic station can provide the maximum pressure of 2MPa and the maximum flow of 15L/min. Fig.6 show the schematic of the experiment device. Fig.7 show the experiment device used for texting the working condition for the passive hydraulic oil return underwater Fig.6 The schematic of the experiment device From Table. 2 we can obtain the flow ra1te of the throttle valve which have pressure compensation as shown in Fig.8 . 
B. Buoyancy-compensation System Experiment
The pneumatic buoyancy-compensation system adopts the method of changing the displacement volume to ensure the safety of surface communication of the LR-AUV. Since the elements of the pneumatic system cannot withstand high pressure, we designed the combination of outer air bag and pressure tube to block the pressure. In order to verify the reliability of this design, the reliability test of the interface structure of buoyancy compensation device is designed. The schematic of the experiment device is shown in Fig.9 . The maximum load of the test is 30MPa, and it is repeated many times. Fig.9 The schematic of the experiment device Fig.10 The experiment device of the buoyancycompensation system. Fig.11 The experimental results of pneumatic buoyancycompensation system Fig.11 shown the experimental results of pneumatic buoyancy-compensation system. After the experiment, it was observed that the exterior of the pressurized shell remained intact, and no water was found inside the capsule. A slight scratch was found on the inner surface of the skin, which had no effect on the safety of the system. The experimental results show that this kind of interface can be used reliably in the LR-AUV buoyancy-regulation system.
V. CONCLUSIONS
The Long-range 2000 AUV is developed for the application of deep-sea environmental variables observation, and it will become a useful platform for deep-sea environmental horizontal section observatory. The Longrange 2000 AUV has superior range characteristics as compared with existing propeller-driven AUVs. As a very important subsystem of the LR-AUV, the buoyancyadjusting system is used to AUV sailing in a state of neutral buoyancy and zero attack angle. This is our first time using passive buoyancy control technology and pneumatic buoyancy-compensation technology. The effectiveness of the buoyancy-adjusting system is validated through several experiments.
In the future, the buoyancy-adjusting technology of Longrange 2000 AUV will be verified through lake and sea experiment. The performances of the AUV would be continuously improved as applying it in practical ocean environment observatory programs.
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